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Epona TL 


The design of ’a combined electro-mechanical acoustic 
image scanning assembly is described. Various acoustic 
maaalng System Cechnigques have demonstrated an ability to 
Porm underwater images at Sectances Greater than those 
meeatned bY Optical means. 

The scanning assembly -utilizes a sixteen element linear 
Mmecioolcet altitay mounced on the radius of an eight inch 
meaneter Circle at the focal plane of an acoustic lens. 

The line array iS rotated at a constant speed of 400 RPM. 
Peelsteie Signals at 250 KHZ of approximately 26 db re 1 ubar 
at the transducers were sufficient to produce Satisfactory 


detection. 
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Pee LNT RODUCTION 


Acoustic. imaging technigues have been the subject of 
Paeemelve Investigation. A number of methods for converting 
acoustic pressure images have been presented and discussed 
iene se l—-o. OL these methods, the most promising ones 
PePeat see Oe tiOsSe ULLIIZing piezo-electric mosaic arrays 
Peele iiiage plane OL an-acouStic lens. Electrical potentials 
Dae Ooliteti tne MOSaLC akkay are proportional to acoustic 
PecscouLe amplitudaes at that point. The potentials me 
Seannead by Some means to eECaduce eGo atime wheal disp ray 
Siete pressure field. 

Miers tmMolest method of Scanning would appear to be an 
Swe smeemanteal SCan; but mechanical complexity is 
Pemmiicaole and practical Scanning rates are too slow to be 
Seevalue Lor real-time imaging. 

POmeiniaco-woecatming tecimiques Utilizing electronic 
technigues only, the principal advantages and disadvantages 
have been: 

Advantages 

Locke msecannang ©£aces 

Sensitivity to relatively low signal strengths 

Good image resolution 

Disadvantages 

High costs due to the large number of components 


Gemolextey on Clectronic Circuits required. 





Similarly, advantages and disadvantages in image scan- 
mencetechinigques utilizing combined electro-mechanical 
techniques have been: 

Advantages 

Sim oLif£ication of design 

Reduction of costs 


Disadvantages 


Low mechanical scanning rates 


Pedueecdwsceniettivity due to Flow noise around moving 
ecmponents. 


Mois Leport 1S concerned with the design of a combined 
eeeeeLo-mechianiecal acoustic image scanning assembly. This 
design was intended to represent a compromise between the 
Mevottaies and Gisadvantages of completely ee cone 
Pa miMiaeGeeinigues ang entirely mechanical scanning 
Mommies. opeCcittically, the desired objectives ae ie 
increase mechanical scan rates without introducing excessive 
flow noise and excessive lowering of Senocrrivity levyeds, 
reduce costs and complexity of design (mechanical and 
electronic), and maintain good range capability. nine 
resultant design was to have an image resolution comparable 
Pemenateo: syetems ULilizing electronic scanning techniques. 

In Ref. 3, Larkin developed a solid-state ultrasonic 
image converter module which could be duplicated in large 
mainoen and Combined to £Lorm a moSaic transducer array. 

This image converter was to be utilized in conjunction with 
a ligquid-filled biconvex acoustic lens investigated by 


Roudebush in Ref. 4. A 32 x 32 array would have consisted 





Peo modules mcact module costing about $250, or a total 
ome 6 000. 

Miemoeainmicgwasoenloly Gesign of this report utilizes 
Sey wOne Of Larkin S modules, a Sixteen element linear trans- 
Mec arcay, MOUNtTeG On the radius of a circle at the focal 
Pate eotmaneaeCoOuotle elens. Tne transducer line array is 
Perec imatea CONectcant Speed Sweeping out a circle perpen- 
Meta tO tye axiS Of the acoustic lens. The rotational 
speed is low enough so Pacts SleeEronlc Scanning radially o£ 
mie strCansauccr line array Homie wracter Elan rotational 
Pea, siOwever, LOcational Scanning 1S accomplished 
Pee eo nMoelcheconpLevent £ilucker in the long-persistence 
See lLeceitatton.  olnce Only one of the sixteen channel 
PatmEeea ciccuit board assemblies developed by Larkin must 
Seem bezed, tiis ceduces the clectronic components required 
SMcmreauices the power Supply necessary to energize the 
PeeemtOnteselrecures. The resolution is effectively in- 
creased to approximately the resolution of a 32 x 32 array, 
depending on rotational speed and radial scan time. Image 
resolution may be increased further oe decreaSing radial 
Scan time and/or rotational speed up to the limit imposed 
EymeGccnecice: element Size. The process of relatively 
Peolcmocanniunguor the radius of a Circle while the radius 
is slowly swept around the circle is analogous to the scan- 
ning process used in a PPI radar presentation, except that 
rotational speed is much higher than that normally associ- 


ated with radar antenna systems, and the display is in the 


plane perpendicular to the direction of sound propagation. 





The scope of this report was limited to testing the 


oi wemeiey sCltmunio esicm. Consequently, design testing 


was limited to: 


(1) 


(2) 


(3) 


(4) 


(5) 


Peeperten tome GetcCEiOn and amplification through 
one image converter channel 


Peto hOnmoteude COnVerted Signal from rotating 
POmoetemeotoam ee CcOMDOnents Without use of Slip rings 


Generation and transmission of synchronizing Signals 
MeCecetaymeOwGetermine Ehe position of a transducer 
Slemenestn tie Scanned circular plane 


CWeeevomilmmouvetitten OL Lhe mechanical and electrical 
Sono Otewecmon ene sacssemoly 


CP SfeuminiaeuonwOorer Low ioLtse and mechanically induced 
ieorsom ime meomOCotans LOLALLOnal speed. , 





If. DESIGN CONSIDERATIONS 


A. GENERAL 

The scanning assembly was to meet the requirements for a 
Mee oOnealle, lOw-input—-power device. It was further 
feetenmeo Cither for mounting to a stationary platform (The 
PeaetOorm 2S CO provide the assembly with an azimuthal train- 
magmeecapalitlity.) or for handling by a diver. Additionally, 
1£S power supply for the Scanner Drive and Instrumentation 
Mipeemvas tO be readily available on board ship, i.e., 120 
Woieec Single or three phase power. The assembly was to be 
Pemee iy Passive GCevi1ce requiring target illumination by a 


Separate transducer. 


Bee | REQUENCY 

IMtewaosemoly was designed to operate at a sound frequency 
Pa POA wirnl an approximate wavelength of six millimeters 
ifieosecavatler. This £requency iS high enough to provide suf- 
PieweteEiiage cLesOluL Lon £Or targets of interest (swimmers, 
mines, fish, etc.), yet low enough ase eee attenuation 
by Ehe seawater medium to return distinguishable target 


Senos e ranges OUuE tO approximately one hundred meters. 


C. RANGE REQUIREMENTS 

One hundred meters range was accepted nominally as a 
SeimlcetaceCuysiange tor Cither a hull—-mounted assembly or a 
portable diver-handled assembly. This scanner assembly 
design did not include an image ranging capability, but this 


may easily be done with an adjustable time gating device. 


ne 





D. SCANNER UNIT ROTATIONAL SPEED 

A rotational speed of 600 RPM was selected as a com- 
Promuse between turbulent flow noise and display flicker. 
[eeoits Speed, ten images per second are produced, which is 
Bete leme CO prevent flicker on a CRT with minimal scope 
Pemoeteeency. Une Speed is also low enough so that viscous 
meiroecarag On tie rotating Image Converter Sub-unit is rela- 
pevety Now. The low speed also reduces stresses on internally 
mounted transducer and electronic elements. Bearing require- 
ments are also reduced at this relatively low speed, The | 
level and spectrum of flow noise at this speed was unknown, 


and was one of the main items of data to be obtained. 


Pee OCANNER UNIT 
imiemweocaimereUntE Consists of two sub-units. They are the 
Smeer Housing and Main Bearing Sub-unit (epeicnary), and the 
scanner Image Converter Sub-unit (Rotating). The two sub- 
Mereomate Siown in Figure 2. The Scanner Image Converter 
Sub-unit is shown disassembled in Figures 3-5. 
IM——OuLe  pMousiIng and Main Bearing Sub-unit (Stationar 
MALS Sub-unit was designed to provide: 
(a) a stationary chassis to be used for adapting the 
“Sou mevitt  eolenecoutside platform. if desired, 
or for ease of personnel handling without expo- 


Pees tOmeOcallnNg ecompOnents 


Gees cditlonary Outen housing to protect the Image 
Conveteer Sub-UnLE 


(c) a heat transfer surface to the seawater medium 
(mG raScwoet ton Of internally generated bearing 
aneGmvisecous Grag heat 

(d) a bearing surface to carry the weight of the 
POraeingehmage Converter Sub-unit 


lial 


ne —— en 





(e) a container for the fluid used to lubricate the 
Teed enoe wi CN provisions for filling and 
draining 


(f£) a hydraulic shaft seal to separate the De aia ing 
lubricant from the seawater medium 


CpmemeolLculareGtapiragm Of mylar to allow sound 
ELaM@emWroscten through to the Image Converter 
(the diaphragm allows equalization of hydro- 
Pectin prcooULes between Seawater and bearing 
Tee tibmaicmadiso £Orces the diaphragm on the 
Piagemcenveteer against the transducer elements' 
active faces). 

A journal bearing. design was selected for the main 
Porting this type bearing causes the rotating journal to 
Pee weonea thin wedge of lubricating fluid. This aoe was 
Considered preferable toa bald Gaupeoller bearing, Since ball 
ZemGoller bearangs could produce noise to interfere with the 
PeeU@eoreiec Signal. buoyancy forces existed on the Image Con- 
eee Geouco-Uliu Sance if is filled internally with air at 
aumosphneric pressure. The resulting buoyancy imposed a 
Peabing Load Of approximately ten pounds at a distance of 
5.6 inches from the bearing center. The bearing was made 
as long aS possible to reduce the distance from bearing 
Semter to load anes, Slematsen lo Lredquce displacement 
eee eee sGOrneIng Shatt Center axis and bearing center 
axis. The bearing has a thrust bearing face at one end for 
te cominemacdiiietwa tirust Collar machined on the Image Con- 
oEeetrchatt.  ihis prevents the capacitor disk at the end 
Seeeiewrordteligecnatt Lrom Contacting the stationary cap- 
acitor Gisk mounted parallel to the rotating disk. The 


journal bearing was designed for forced lubricant flow to 


provide increased dissipation of bearing heat. 


Le 





PeMceeuner sollewic sClected as the bearing lubri- 
Seaeorer lo. ianscrOrmer Oil 1S a Satisfactory lubricant 
PeemlOow-ctempcracure, low-speed bearing conditions; it has a 
Mm matively low Viscosity resulting in reduced drag; its 
fi ecrrehC prOpercy 16 desirable in the event of leakage 
mpomtie tinmage Converter; and it has a specific acoustic 
Mteecance Very nearly Cqual to the specific acoustic imped- 


ance of seawater. 


2. Petane ue maces Converter Sub-unit (Rotating) 


Heemoecnmnemhmage fonverter Sub-unit was designed to 
peeworn the following functions: 


(a) provide a watertight enclosure for electronic 
Gempomences while Simultancously allowing the 
MHeemmig acCustic Signal to pass through to 
Pewee sociees Clement active faces with minimum 
Signal power loss 


(ob) provide a mounting for the transducer elements 
Solem or nOlartng the Glements in place against 
Mye@restacltc Dressure and centripetal forces 


(c) prevent formation of standing acoustic waves 
between the Image Converter front face and the 
eo t le lens 


fejmeoleetrontcally Scan, rectify, and amplify the 
Sixececen transaucer element signals. 


foegenerate a Synchronizing pulse for external use 
abmene beginning Of each electronic scan 


(f) transmit the image information signal and scan- 
mingesoynemrenizineg pulse from the rotating 
imagesecomyerter to an external stationary com- 
SponecmeLOr pPEOCeSSing 


(g) provide mountings for power supplies and electronic 
components 


(h) provide on-off switching for power supplies at a 
point external to the watertight enclosure. 


eS 





Weegee olate-titanate Ceramic composition was 
Meee bOr the Eransaducer array. Each segment is cut to a 
memeueweavetlength at 250 KHZ (6 mm.) in the direction of the 
mHcCOMing Wave. The square segment faces perpendicular to 
the incoming wave each have an area of 9 om?. OUR “Ot 
EM@ese SCQGMentS in a 2 xX 2 moSaic are wired in parallel and 
form one of the sixteen transducer elements in the linear 
array. Utilization of a half wavelength transducer segment 
mecuires clamping of the segment 3 mm. back from the faces 
Pemepencaicular to the incoming Woe LHe Mounting was to oe 
made thin enough so that longitudinal waves in the segments 
would suffer minimum damping, yet wide enough to provide 
Steer ecrent Strength against the shearing stresses imposed 
SeeeneowmouUneElng Eaces from hydrostatic pressure and centri- 
Peboeenoreces. = tne transducer array mounting arrangement is 
paown in Figure 6. 

Him—acialmicem  Orecieslmage Converter front face 
Pemuci 72 OL tne transducer array and its mounting strips 
was to be covered with a sound absorbing material which 
VOuUlcmbrntt the setlection of the corine WavenDaeck EO 
Bie acoustic Lens. 

itewchitnec bone Lace Of the Image Converter was to 
be covered with a diaphragm which would be seated firmly 
against the transducer faces by hydrostatic pressure and 
allow passage of the acoustic wave with a minimum of 
eval atc On. 

The solid-state electronic image converter shift 


register was to provide a one millisecond total scan time 
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Pee oeoeelewoixiech transducer elements. The pulse initi- 
ating a scan was to be transmitted along with the image 
Pemvet ter Output signal as the external synchronizing pulse. 

Since the output of each transducer element was to 
Memecctiticd, the image converter information signal would 
Pete lnuetis sequence CL Sixteen varying positive DC 
Pee Newt gNeSst first harmonic frequency of this signal 
meura OCCur With every other transducer element at a zero 
mevel. This would generate a £irst harmonic frequency of 
8 KHZ. 

PeeeemuMeney MOoulazed solid-state transmitter was 
Pewee rconco tGancmit Ene image converter information signal 
Pectjmene COtating Image Converter Sub-unit to an external 
peteleOnary Component. The transmitter Signal was to be 
imeeisiitiLed across a plane two-plate Capacitor. One plate 
Of the capacitor was to be rotating with the other plate 
Petenonaly. tie DPlates were to be circular disks. The 
Capacitor impedance with designed to be 50 ohms at the 95 
i weet menteceiencey Selecced for the FM transmitter. 
Doe wa FOUL tnch Giameter circular disk plate would 
Begquike a plate Spacing of 0.084 inches. This would result 
iimamedpacitance Of 33.6 picofarads. 

A schematic diagram of the Scanner Image Converter 


Speci trey 1S Shown in Figure 7. 


pes SCANNER DRIVE AND INSTRUMENTATION UNIT 
The Scanner Drive and Instrumentation Unit consists of 


a Motor and Variable Speed Drive Sub-unit, an Instrumentation 


iS 





See etiweyewerdUmritary Shaft bearings, and a unit housing. 
Paes OLeeme socanmner Drive and Instrumentation Unit are 
eyieowm in Figure 8. 
Me memmancmyarralle Speed Drive Sub-unit 
The Motor and Variable Speed Drive Sub-unit was 
festoned £O perform the following functions: 
(a) provide sufficient motive power to drive the 
Scanner Image Converter Sub-unit at variable 
Seceucwup to GOO RPM 
(b) reduce drive motor speed through a variable 
speed hydraulic transmission and pulley belt 
drive to speeds of 600 RPM and lower. 
Peeelostrumentakion Sub-unit 
The Instrumentation Sub-unit was designed to perform 
the following functions: 
(a) generate an external bearing synchronizing 
PUbesemat tiie completion Of each rotation of 


the Image Converter Sub-unit 


feymeehetate a signal indicating Image Converter 
Seite COtattonal Speed 


(@)eprevide connections for transmitting the Scanner 
Die ironed Lol signal and external scan Syn- 
ehronizing pulse, external bearing synchronizing 


pulse, and rotational speed indication Signal to 
a remote point outside the scanner assembly. 


Sexi iary Bearings 
The two auxiliary bearings were designed to supple- 
TH eomenenemrunecteLonN Of the main bearing in the Outer Housing 
and Main Bearing Sub-unit. A roller bearing design was 
chosen since roller bearings are acoustically quieter than 
EUbearangso and ace Sself-lubricating. Location of the 
auxiliary bearings in the Scanner Drive and Instrumentation 


Unit was considered far enough away from the acoustic 


uC 





Met@odueeh stOvavold interference with the incoming acoustic 


mace Signal. 


Ze ire ieusanG 


Tie iibesdodatna was CeSiogned to perform the follow- 


mao Lunctions: 


(a) 


(1b) 


ko) 


(d) 


(e) 


(f£) 


(g) 


Dreovice a Watertight enclosure for the Motor 
Miemveatraogtewopeea Drive and Instrumentation 
Sue ts 

par eiGeeeceoomingyair to the drive motor 


pee Vee mt Ou paccage Of all cabling to a remote 
Petemmoursltocetne SCanner assembly 


provide vibration damping mountings for the 
Motor and Variable Speed Drive Sub-unit 


Ppeevroeescwmountang LOL the auxiliary bearings 
and instrumentation components 


PEOvVide adjustable structure members for support 
GeeereeOuLcer Housing and Main Bearing Sub-unit 


Pewee a Moeanlc or lifting the entire scanner 
Goescenoy With an overhead crane. 


Ly 





Iit. DESIGN IMPLEMENTATION AND RESULTANT PROBLEMS 


m&. GENERAL 

The Scanner Image Converter Sub-unit was successfully 
Seavem by a 120 yolt AC, 60 HZ, single phase drive motor. 
Maes 15 a readily available Peover supply on board U. Ss, 

Navy ships. 

The Scanner Unit Outer Housing and the Scanner Image 
Semverler Wateri1ight enclosure are large diameter stainless 
Peccleeuomnig.  2ne Scanner Drive and Instrumentation Unit 
housing is 3/16 inch sheet Aetna with base and side 
plates welded and with a gasketed closure top plate. The 
Peco Material in the Shaft main bearing is brass. All 
other strength and mounting members are aluminum. These 
Matertals were chosen for their mechanical Serenctae COrro- 
Sion resistance, and non-magnetic properties. 

iMemenerncerscecanner assembly weighs 219 pounds in air and 
Nas a positive buoyancy of approximately 196 pounds submerged 
POt@eacceptable eaaniiey in air or submerged with weights. 

Future designs should utilize a housing of reduced volume 
for the Scanner Drive and Instrumentation Unit. This would 
reduce the weight in air, result in nearly neutral buoyancy 
when submerged, and reduce the area subjected to hydrostatic 
pressure. 

The completely assembled Acoustic Image Scanner Assembly 
is shown in Figure 1 without the Scanner Drive and Instru- 


i pea ronmelmMntamousinig tOp plate closure in place. 
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B. FREQUENCY AND RANGE 

The single image conversion channel tested required a 
Pema beoouLe level Of 26.5 db re 1 ubar at the front face 
Pen eMocanicr Ulte €O produce an acceptable output level at 
Mme Output of an FM receiver discriminator located external 
memene sCanner assembly. This sound pressure level regquire- 
fire siilts £rom Ehe Summation of 6.5 db re 1 ubar required 
remene transducer element faces plus an additional loss of 
weceoximately 20 db resulting from flow noise and trans- 
mission through the diaphragms. For a one hundred meter 
Pmmesemea voor lity, this would require a source level of 
Peeeermacely GA.2 dd re | ubar. This source level was 


MmPremlatea considering the following data: 


(1) an acoustic lens gain of approximately 20 db 


(2) a target strength of approximately -12 db (one 
meter diameter spherical target) 


(3) a two-way Spherical divergence loss of 80 db 


(4) a two-way absorption loss of 4.68 db in seawater 
at 5°C 


feyeemcoures With a plane radiating Surface of diameter 
Ce chi Lele transmitting directivity index of 25 
Gist. | 
om SCANNER UNIT ROTATIONAL SPEED 
Viscous drag calculations indicated an approximate 
power requirement of 1/10 horsepower maximum assuming 
laminar flow. Since turbulent flow was likeiy to occur at 
high rotational speeds as a result of a high Reynolds 
Number and imperfections in surfaces and geometry, a one- 


half horsepower drive motor was utilized. The motor was 


ie, 





designed to produce one-half horsepower at a rated current 
of 6.5 amperes at a 0.54 power factor. At a Scanner Image 
Converter speed of 600 RPM, the motor utilized 6.3 amperes. 
Pesclparion Of internal motor heat at this operating eI 
feetom Was COnsidered marginally satisfactory utilizing 
Paetealeait Circulation through duct connections to the 
matetPor Of The Scanner Drive and Instrumentation Unit 
housing. The Scanner Image Convexter speed was then 
lowered to 400 RPM, reducing Game mmotlor current to 5.7 
gimeeres. Heat dissipation was considered slightly, improved 
Pees peed. ~~ runther attempts to reduce motor current 
Pemacad UlLilizing water as qa lubricant for the main bear- 
RMie@eeieene scanner Ulit, and, ELinally, dissolving poly- 
eieerene sOx1c0e in the lubricating water to a concentration 
@ie200 parts per million by weight to reduce turbulent flow 
See ota es) Lic water lubrication resulted in a motor current 
of 5.5 amperes, and the addition of polyethylene oxide 
DiwiimmrecaveCea Le mMOoLOr Current to 5.1 amperes. Heat 
dissipation at 5.1 amperes was considered satisfactory after 
PMECUENWOUuG MOtOr run time. Tne neers speed of 400 RPM 
Was COnsidqerea to be a high enough rotational speed to pre- 
vyent flicker in a CRT scope with adjustable persistency 
(storage scope). 

PIMGemenemarrye Motor Utilized Single phase power, it 
was found necessary to start the motor with the variable 
speed transmission set for zero output speed to allow the 
drive motor to reach a speed necessary for the motor con- 


PEQimertreuitiy to Open the starting winding circuit. When 
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Starting the motor with the variable speed transmission set 
foues0O RPM, the starting winding was not being deenergized 
and the motor quickly reached unsatisfactory BeMweracLuLres., 
THiS required the installation of a remote control rod 
assembly for varying the speed transmission output so that 
ai-watlvye MOLOr could be started with no load. 

The one-half horsepower motor was replaced with a one 
Ne@rsepower motor which was Gesigned to operate at a rated 
current of 13.5 amperes with a 0.48 power factor. This 
motor utilized 8.7 amperes to drive the Image Converter 
Sub-unit at 400 RPM. Additionally, the motor was powerful 
enough to start with the variable speed transmission set t:o 
GQrive the Image Converter Sub-unit at 400 RPM and eliminated 
PiemleCceocity tor the remote control rod assembly for start- 
ing. However, it is still useful for flow noise versus speed 
determination. This motor was of a newer design and heat 
dissipation at this amperage was satisfactory. 

Migtaenroesigns SsiOuld Wellize a watertight submersible 
ieeeGemmrocrot COOlLing by heat exchange across the motor 
casing to seawater would eliminate heat dissipation problems. 
Once the Optimum Image Converter speed is determined, direct 
pulley drive from the submersible motor to the rotating 
shaft of the Image Converter should be utilized. This will 
reduce assembly weight and size of the Scanner Drive and 
PnStoumencaction Unit and housing, thereby Bediein iiyeuos 


Static stress area of the unit houSing. 


Zl 





1B SCANNER UNIT 
mePoureemmOoucinG and Main Bearing Sub-unit 

ZApEeeComponentsS Of this sub-unit Poetenmea Gesign 
mumnertons Satisfactorily. 

Memmi timoeaiG@ine Cesiga included provisions for 
meee Moles through the bearing sleeve and bearing retainer 
Peeebewersbollts mear thc Oppesite end of the bearing from 
its thrust face. The shaft thrust collar tends to "pump" 
imoeereant Out of the bearing Soe cCONemmea sesult of viscous 
Peremononw Centeilrugal forces when the shaft is rotating. 
tes pumped) — lubricant 1s replaced by intake flow through 
eae port eros mwoemtilc Oblemeena Of the bearing. These 
effects result in forced lubricant flow to the main bearing. 
iowa eearing Operated Satisfactorily uSing transformex 
Memererresm water aS lubricant with no sensible heat by 
meMenron tie Outer Housing at a point in contact with the 
etm Wearing - 

yeeecconmen image Converter Sub-unit 
Pe iecemponents Gf Lhis Sub-unit performed design 
Pieetlonsescilsktactorilliy with minor nods CA SetOme Ona ne 
Giateginat, aesSion.. 

It became necessary to utilize 1/16 vice 1/32 inch 
butyl rubber gaskets to maintain watertight integrity. 

The mounting assembly for the transducer array 
utilized epoxy adhesive between plexiglass mounting strips 
and the transducer elements. The width of the adhesive 
application was approximately 1/32 inch. This provided 


necessary strength for the hydrostatic and Gemerrecrot 
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stresses and minimally damped the longitudinal waves in 
the transducer segments. 

surgical dam rubber was originally selected as the 
Pein racowalaAphbagmecovering. Surgical dam material PBOs 
Peace lew ciqnal attenuation and was flexible enough to seat 
Peay against the transducer faces. However, the rubber 
exhibited a marked tendency to tear when stretching it onto 
fesesmountcing Screws. A mylar diaphragm was then utilized 
Since it could be Bente. without tearing aS easily as the 
Mmagoer., The mylar exhibited satisfactory attenuation prop- 
Paeteoceme ime mylar, however, was not as flexible as the 
mojo a be wtiel. DeCane mecessary to raise the transducer 
faces 0.004 inches above the cork on the Image Converter 
mEeme trace.) The combination of raised transducer faces and 
Mages eorlenpressure against the diaphragm ensured a firm 
Soeiigeotseie Mylar against the transducer faces. 

A 0.250 inches covering of Armstrong MIL-G-6183 
G@ouk was placed over the remainder of the Image Converter 
front face exclusive of the transducer faces and mounting 
Seewoo we tne cork in combination pen ues aluminum backing 
PplctomreCouee@d tne intensity of the incoming wave by a 
fPiceoamorerour upon reflection Of the incoming wave. This 
was considered a high enough attenuation so that the re- 
flected wave would not interfere significantly with incoming 
waves at the acoustic lens. 

A single channel circuit shown in Figure 7 was used 
for image conversion at the output of the transducer element 


tested. The major difference between this circuit and selec 
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SeweaVolOpead oy Larkin 1S that one additional stage of 
preamplification is utilized in the amplifier-detection 
Ctrculery in order that system noise levels could be evalu- 
ated. An emitter follower stage was placed between the out- 
MI mOoeeenamcOllG—-ceatec image Converter and the input to the 
Peecransmitter Stage ECO provide a proper impedance match 
Meeween the two circuits. 

the FM transmitter shown in Figure 7 utilized a 
voltage controlled oscillator (VCO) to modulate a carrier 
Mmeeqvency OL 6G MHZ. The transmitter output was coupled 
into 50 ohm coaxial cable. The cable was led through the. 
ae Ome elc rotating Shart and connected to the rotating 
Capacitor disk in the Scanner Drive and Instrumentation Unit 


housing. 


Eee SCANNER DRIVE AND INSTRUMENTATION UNIT 
WOO oncmvartagle Speed Drive Sub-unit 

PumeGQieenemus OL tite SUbD-Unit performed design 
SUMeeLOns SaLisctactOorily with minor modifications of the 
Original design. | 

The one-half horsepower motor was replaced with a 
one horsepower motor as previously reported. 

The pulley and V-belt original design utilized a two 
to one speed stepdown from the variable speed transmission to 
the shaft of the Image Converter. The design was changed to 
a four to one stepdown so that the variable speed transmission 


Gpcreareca at a more efficient speed. 
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Pee eco ceumMencaylOn sub-unit 

Te weet Mean stite Sub-unit performed design 
mame t lions Satistactorily. 

UGemrOLaLlOomal Speed indicator utilized a DC tach- 
ometer generator (2.6 VDC per 1000 RPM). The tachometer 
@eneracor was gear driven from the Image Converter shaft. 
ieengeatb ratio was two to one with the tachometer generator 
@e the higher Speed. This speed doubling was necessary to 
reduce the size of the gear wheel driving the tachometer 
Benecactor. 

A bar magnet was mounted on the radius of the tach- 
Miecem Generator gear wheel. The magnet was utilized to 
Seese creed Switch once for Gach rotation of the tachometer 
G@enerato~n gear wheel. This generated two pulses for every 
meee rom Or tne Image Converter. A multivibrator circuit 
Sewn tn the schematic diagram of Figure 9 was then utilized 
Meemoaasc every Other pulse corresponding to each rotation of 
rMiemimage Converter . 

iitemE@ecitagmcito< dtethe end of the Image Converter 
Shaft and the stationary disk mounted Re sice it had a 
measured capacitance of 20.5 picofarads with a 0.080 inches 
spacing between the disks. The Image Converter FM trans- 
Digeere timed tO an eetual Carrier frequency of 88 MHZ. This 
resulted in an impedance of 88.5 ohms. The disks were machined 
to have less than 0.001 inches relative motion between disks 
measured in a shaft axial direction. This eliminated any 
Significant generation of a 400 hertz or higher harmonic 


noise in the information signal transmission. 
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Pelee y Bearings 

The two auxiliary bearings performed their design 
mamek Lon Sactisfactorily. 

fee UlLte NOUS iT Ng 

it Sth mivolvormagmperrorned design functions satis-— 
mectorily with minor modifications. 

Natural air circulation duct connections were en- 
mraoec) ©LOm three inches diameter to six inches diameter to 
meovyldae adequate EHeeipee ion Seeoclvy eo motor Neat. 

Mie worrgina | design utilized strut extensions from 
bie unit housing to carry the weight of the Scanner Outer. 
Pemetng and Main Bearing Sub-unit. Since this weight varied 
depending on whether the scanner assembly was being operated 
MmonoNor submerged, Shaft alignment in the bearings and 
Meaemaveve Slate seals which had been satisfactory in air was 
M@tmwoatictactory in water, and vice versa. This problem was 
Saeriim@atea soy imstalling adjustable turnbuckles in the guy 
Pees suppOLELNG the Strut extensions. 

Pee evonesclaecemewaceiistallead between the pulley 
Wiecwweneeniec tmage Converter shatt Beene hydraulic shaft 
Secalvat the Unit housing wall. This prevented shaft thrust 
mote Meceelotmeeowata Lie Front face of: the Image Converter 
in the event the scanner assembly is subjected to a down angle 
PerimriemiGGnizentalos This Condition would occur if, for 


example, a diver-handled assembly was trained downward. 
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Poy DROSTATIC PRESSURE SEAL TESTING 

Meee oulehe mo scostrenCLOoures Were tested only to a 
SeoemwouwaeppDrOxtmaclely three feet of water pressure dif- 
Pepeletat. Testing tO Greater pressures was not considered 
Peeeoprtace Until future design changes previously mentioned 
Mime s Cepott are gmolemented. The aforementioned design 
Smeiges sould improve the depth capability of this assembly. 
eeeeetonalivye~sle may become necessary to incorporate flooding 
Seeiie watertight Bretonire inside the Image Converter Sub- 
Mi venedeale Leectrtic Tinid. This would result in pressure 


PeteeEszarce lon across the Eransducer array and a corresponding 


hecuction in Stresses on the transducer array mounting. 
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eee ee SUSLONS 


A. GENERAL 

Peeidem SeeiwceMOonserated that the combined electro- 
Reehenteat acoustic image SCanning assembly could be operated 
at rapid scanning rates with Simplicity of design, reduced 
costs, and enough sensitivity to convert images at ranges up 


mo 100 met:ers at a frequency mi 250 KZ. 


BoaaesueCcLeRONEIC COMPONENTS 

Peete Pemeroia ty scOUNnG pressure levels of approximately 26 
db re 1 ubar at the transducers were sufficient to produce 
PwelorereeOry acoustic Signal detection, amplification, and 
PeaiicmioslOnm tO a point external to the scanner assembly. 
Meme hone tty, SYnchronizing Signal information necessary for 
Emenwdisplay of the acoustic Signal on a PPI scope presentation 


mowereouecesotully generated. 


Cy MECHANICAL COMPONENTS 

Mechanical components were successfully operated on a 
Sometimious basis: Flow noise and induced mechanical nea at 
frequencies of interest lowered the scanner assembly sensi- 
miarEy Oy appuwoximatcty 20 db re Poubar at a rotational speed 


of 400 RPM. 
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FIGURE 8 


Closeup of Scanner Drive and Instrumentation 
Unit Internal Components 
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FIGURE 9 


Schematic Diagram of Circuitry for 
Generating Rotation Synchronizing Signal 
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